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(54) Intravenous filter device

(57) This invention relates to an intravenous filter

device comprising a fitter housing (10) having a front

side, a back side, a first end (16), and a second end (18),

an inlet and an outlet the housing containing a hy-

drophihc filtration media (40) and defining a flow path

such that intravenous fluid entering the housing through

the inlet passes through the filtration media before pass-

ing out of the housing through the outlet Inlet and outlet

tubing connectors (50.60), both preferably attached to

the front side of the filter housing, form, respectively, the

housing inlet and outlet The connectors are raised

above the tront side of the housing such that tubing con-

nected to the connectors does not intersect the front

side of the housing At least one vent hole (52) in the

housing provides a passageway for gas to escape from

the housing, the vent hole being preferably open to tne

front side of the housing. A hydrophobic membrane (45)

is positioned between the vent hole and the flow oath al

a position along the flow path between the inlet and the

nydropniiic filtration media. A tubing clip (28) is provided

to help orient the filter to make it self priming and prevent

I V set tubing from kinking.

FIG. 2
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Description

This invention pertains to the field of membrane-
type titter oevices, particularly intravenous filter devices
which employ both hydrophilic and hydrophobic mem-
branes

This invention relates broadly to membrane-type fil-

ter devices, and especially to filter devices used to re-

move impurities from liquids or fluids that are to be in-

troduced intravenously to the human body Some fluids

useful with this invention include saline solutions and
nutrient solutions, or other solutions that act as carriers

for drugs. Other fluids useful with this invention are not
listed but are well known to those having ordinary skill

in the art.

One of the problems encountered with conventional
membrane-type intravenous filter devices is the pres-
ence of gas. The fluid must be filtered before entering
the patient in order to remove gas bubbles and contam-
inants. Gas in the housing or mixed with the liquid tends
to prevent effective filtration of the liquid. When the filter

is first attached to the patient and fluid flow is initiated,

air frequently enters the lines or is already present in the
filter device. A wetted hydrophilic membrane filter will

generally not allow the air to pass. Thus, entrapped air

tends to prevent fluid from entering the patient. It is

therefore desirable to remove this entrapped air as
quickly and continuously as possible This is often re-

ferred to as priming the filter.

Several devices are available to remove air from
membrane-type filter devices. These devices make use
of hydrophobic membranes which are capable of pass-
ing air out of the filter housing through vents, but liquids
will not pass through the membranes Conventional in-

travenous filters employ this principle but have some
shortcomings For example, several commercial devic-
es are not altogether satisfactory because they do not
remove air through the outlet port in the short time that
is necessary or they require the filter to be turned upside
down, or in an orientation different than how the filter will

be useo. during priming This can lead to conlusion and
a lacK of oroper priming, leaving gas entrapped in areas
of the rousing that are not contiguous to the hydropho-
bic membrane

Various Devices have attempted to correct these
shortcomings Some utilize rectangular filters to assist
self-priming with an inlet at the bottom ana an outlet at
tne top of the filter Such devices must be tilted from a
nor.zortal piano ir order to oe self-priming Some do not
utilize a nydropnobic-type filter medium Still other filter

units employ a combination of hydrophilic and hydro-
phobe filters a-ranged side-by-side in alternate se-
quence A d.sadvantage. however, is that this configu-
ration provides a hydrophobic zone on each end of the
housing Although these chambers appear to provide for
the escape of entrapped air. they also create a zone
wnere liquids can gather and be incapable of passing
through either the hydrophilic membrane or the hydro-

phobic membrane. Further, drugs in intravenous fluids

often have different densities than other fluids adminis-

tered to the patient. This may mean that the drugs will

be in a portion of the filter adjacent a hydrophobic mem-
5 brane if the filter unit is in a vertical position. When this

is the case, the drugs may not immediately be adminis-

tered to the patient. This could conceivably cause prob-
lems, especially if drugs must be administered quickly

to the patient.

70 Additionally, there are increased manufacturing
costs from having to seal two hydrophobic membranes
while constructing the filter, plus this doubles the possi-

bility of a defective filter due to a leak if the hydrophobic
material is not correctly sealed.

™ Another common problem is that, when filters are
taped to a patient's arm, or to a support surface to im-

mobilize the tubing connection to the filter, the tape
blocks the vents, preventing gas in contact with the hy-

drophobic membranes from passing out of the filter

20 housing.

In other devices, the fitter does not have a flat face
on which the filter can be placed to easily secure it to a
flat surface or the vent or vents are on a flat face so that

if someone does tape the filter to a flat surface the vents
2$ are blocked.

Another problem is that support ribs, used to hold
the filtration media away from the wall of the filter hous-
ing, create many small flow channels. Small bubbles
can form in these channels during priming and. even

30 though the filter is properly oriented, the bubbles may
stay trapped in the narrow ends of the channels and not
be flushed out the outlet port.

An additional problem is that many filters having
tubing connections that orient the filter in such a manner

35 that if the filter is suspended from an intravenous fluid

source, with additional tubing suspended therefrom, the
filter either does not hang so that the vent is properly
positioned, or the weight of the filter causes the filter to

tip to one side and kink the tubing.
4

<> The problems enumerated in the foregoing are not
intenoed to be exhaustive but rather are among many
which tend to impair the effectiveness of previously
known filter devices. Other noteworthy problems may
also exist; however, those presented above should be

4* sufficient to demonstrate that filter devices appearing in

the art are not altogether satisfactory.

This invention is based on the discovery of a con-
tinuously venting, self-priming filter device. Although the
filter device of the present invention may be used for

50 filtering a wide variety of fluids, its main usefulness is

for medical and diagnostic purposes, i.e., intravenous
filter devices This is because quick self-priming and
continuous venting is particularly important for intrave-
nous applications. A surprising advantage of this mven-

5* tion is that the shape of the filter, in conjunction with the
location of the tubing connectors, tubing clip and the
vent, assists the filter device in quickly purging air during
priming while the filter is in the position of its intended

2



3 EP0 784 988A1 4

use and continuously venting gases entrapped in the

chamber during use.

In one aspect, the invention comprises an intrave-

nous filter device comprising a filter housing having a

front side, a back side, a first end. a second end, an inlet 5

and an outlet, the housing containing a hydrophilic fil-

tration media and defining a flow path such that intrave-

nous fluid entering the housing through the inlet passes

through the filtration media before passing out of the

housing through the outlet: inlet and outlet tubing con- »o

nectors, both attached to the front side of the filter hous-

ing and forming, respectively, the housing inlet and out-

let, the connectors being raised above the front side of

the housing such that tubing connected to the connec-

tors does not intersect the front side of the housing; at '5

least one vent hole providing a passageway for gas to

escape from the housing, the at least one vent hole be-

ing open to the front side of the housing; and a hydro-

phobic membrane positioned between the at least one

vent hole and the flow path at a position along the flow

path between the inlet and the hydrophilic filtration me-

dia.

In another aspect, the invention comprises a filter

housing having a front side, a back side, a first end. a

second end, an inlet and an outlet, the housing contain-

ing a hydrophilic filtration media and defining a flow path

such that intravenous fluid entering the housing through

the inlet passes through the filtration media before pass-

ing out of the housing through the outlet; inlet and outlet

tubing connectors both attached to the front side of the

filter housing and forming, respectively, the inlet and out-

let: a plurality of vent holes adjacent the first end of the

filter housing providing passageways for gas to escape

from the housing: a hydrophobic membrane positioned

between the vent holes and the flow path: and a tubing

clip attached to the housing, the positions of the tubing

connectors and the tubing clip being such that when the

inlet of the device is attached to tubing suspended from

an. intravenous fluid source and the outiei is connected

to tubing suspended Irom the filter device, and the tub-

ing clip is attached to said tubing, the vent holes are po-

sitioned sucn tnat gas bubbles entering the filter housing

through the inlet will rise within the housing and contact

the hydrophobic membrane and pass out one or more

of the vent holes

The filter of the present invention is vented and self

priming in the preferred emoodiment tne vents are lo-

catec adjacent the tubing connectors, and the tubing

connectors expend outwardly of the front side of the de-

vice to such an extent that they prevent the vent holes

from Deing blocked by tape used to secure the filter to

a support in the preferred emoodiment. the tubing clip

and tubing connectors are positioned and aligned so

that, when suspended in an I V. set. the fitter and tubing

hang straight without any tendency to kink and the vents

are located near tne top of the filter. Also, the preferred

embodiment vent, inlet and outlet locations provide that

the filter can be primed with the filter in the same orien-

tation in which it is intended to be used

These and other advantages of the invention, as

well as the invention itself, will be better understood in

view of the accompanying drawings.

FIG. 1 is a perspective view of a preferred filter unit

in accordance with the present invention.

FIG. 2 is an exploded view of the components mak-

ing up the filter of FIG. 1

.

FIG. 3 is a plan view of the front side ol the filter of

FIG. 1.

FIG. 4 is a plan view of the back side of the filter of

FIG. 1.

FIG. 5 is a cross-sectional view taken along line 5-5

of FIG. 3.

FIG 6 is a cross-sectional view taken along line 6-6

of FIG. 3.

FIG. 7 is a cross-sectional view taken along line 7-7

of FIG. 3.

DETAILED DESCRIPTION OF THE DRAWINGS AND
AN EMBODIMENT OF THE INVENTION

FIGS. 1 -7 show a new, improved self-priming intra-

venous filter unit in accordance with the present inven-

tion. This particular unit, which is the preferred embod-

iment, comprises a substantially flat housing 10 which

comprises an inlet chamber 12 and an outlet chamber

14 separated by a hydrophilic filtration media 40 (FIG.

7). This filter comprises a front housing half or part 20

and a back half or part 30, a hydrophilic filtration media

40 and a hydrophobic vent membrane 45 (FIG. 2).

The location of the hydrophilic filtration media 40

between the two chambers is seen more easily in FIGS.

5 and 6 As can be seen in FIG. 5, the two chambers

are separated lengthwise by the hydrophilic filtration

media 40. Preferably, the housing 10 is transparent and

the comers of the housing are rectangular. An inlet to

the housing delivers fluid to the inlet chamber. An outlet

delivers fluid from the outlet chamber after the fluid has

passed through the media 40. The device also compris-

es vent holes 52 for releasing entrapped gas from the

first chamber.

The inlet to the housing 10 comprises an inlet tubing

connector 50 An outlet tubing connector 60 comprises

the outlet of the housing 10. As shown in FIGS. 1, 2, 3

and 5. preferably the inlet and outlet tubing connectors

50.60 are placed back-to-back with respect to each oth-

er, with the inlet tubing connector lacing the first or top

end 1 6 of the housing and the outlet tubing connector

60 facing the second or bottom end 1B of the housing.

The inlet and outlet connectors 50,60 are preferably lo-

cated adjacent the first end 16 of the housing 10, and

are spaced inwardly of the housing ends.

Preferably the connectors 50,60 are raised above

the surface of front side of the housing 10 such that tub-

ing connected to the connectors does not intersect the

front side of the housing 1 0. For male tubing connectors,

as shown, this means that tubing connected to the con-

25
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nectors will fit onto the connectors without any substan-

tial interference with the surface of the front side of the

housing. If female connectors were used, instead of the

male connection shown, this means that the bottom of

the inside connecting surface would be above the plane 5

of the filter housing front side. By having the tubing con-

nectors raised to such a substantial height, the profile

of the front side of the filter housing 1 0 is such that it will

not be mistakenly placed against the arm of a patient.

Instead, the back side of the filter housing 10, which is io

flat, will be placed against the patient's arm or other sup-

port surface With the vents 52 on the front side, this

prevents the vents from being inadvertently blocked,

which is possible with filters having low profile connec-

tors which may inadvertently be taped to a patient's arm is

with the vents against the skin.

The preferred filter housing 10 is symmetrical about

a plane that intersects the tubing connectors 50,60. Al-

so, the tubing connectors are preferably in line with one
another. The preferred filter housing 10 includes a tub- 20

ing clip 28 attached to the filter housing, preferably at

the second, or bottom end 18. The clip 28 is also pref-

erably in line with the tubing connectors 50,60. In this

regard, the filter is then evenly balanced side to side so
that when the filter is suspended from a intravenous fluid 2s

source, the filter hangs straight up and down and does
not cause kinks in the tubing.

The tubing clip 28 helps to keep this straight align-

ment and also helps to assure that the filter is correctly

positioned so that gas bubbles entering the filter will rise 30

within the housing 10 and contract the hydrophobic

membrane 45 and pass out through the vent holes 52.

located adjacent the first or top end 16 of the filter hous-

ing 10

Preferably there are two vent holes 52. although on- 3S

ly one vent hole is required, and more may be used In

the preferred embodiment the vent holes are open to

the front side of the filter housing 10 Also, tn the pre-

.

ferred embodiment, both vent holes 52 are in direct com-
munication with a single hydrophobic memDrane mem- *o

ber45. which has an elongated oval shape as shown in

FIG 2

As best seen in FIG
. 5. fluid enters the filter housing

10 through tnlet tubing connector 50 An inlet channel

54 allows the fluid to pass to the inlet chamber 1 2 which
is located adjacent the back side of the filter housing 1

0

The inlet chamber 12 has two portions, a first, or top

pomon 1 3. adjacent the hydrophobic membrane 45 and
a secono or bottom portion 15 adjacent the hydrophihc

filtration media 40 The inlet channel 54 delivers fluid so

into the chamber 1 2 at a point in between portion 1 3 and
1 5 When the housing is upnght. or on an mclineo sur-

face with the first end 1 6 higher than the second end 18.

gas bubbles entering the chamber 12 will rise into por-

tion 1 3 and contact the hydrophobic membrane 45 and ss

exit vents 52 When the filter is supported on a level sur-

face a gas bubble may grow around the base of channel
54 until it is large enough to contact the hydrophobic

membrane 45. In either event, fluid will be able to reach

the hydrophilic filtration media 40 and pass there-

through. Because of the location of the inlet channel 54

between the two portions of the inlet chamber, it is be-

lieved that only one hydrophobic vent membrane will be

necessary for proper operation of the filter, thus simpli-

fying production and reducing the possibility of leaks

which can occur when vent materials are not properly

sealed.

After passing through hydrophilic filtration media

40, fluid enters outlet chamber 14 and is directed to-

wards outlet tubing connector 60 The connector 60 is

preferably at the top of outlet chamber 1 4 when the filter

is oriented as shown in FIG, 1. In this orientation, the

filter is self priming as any gas in the outlet chamber will

rise as fluid enters the outlet chamber through filtration

media 40.

The flow path downstream of the filtration media 40
preferably includes flow channels created by a plurality

of ridges 25 molded onto the inside of the front housing

part 20. The ridges 25 support the filtration media 40
against pressure exerted by the fluid trying to pass
through the media 40. The ridges 25 run in a direction

from the second end 18 of the housing 10 toward the

outlet channel 64 in outlet tubing connector 60. At least

some of the ridges 25, and preferably ail but one. center

ridge 27, terminate short of the second end 18 of the

housing so that fluid can flow around the bottom ends
of the ridges 25. This prevents small bubbles from form-

ing in the bottom of the channels between ridge 25. The
center ridge 27 does connect to the second end 18 of

the housing so as to help evenly distribute the flow be-

tween the two sides of the chamber 14.

The methods and essential materials for making the

housing 10 are well known in the art and generally in-

volve the use of clear synthetic resins The overall size

of the housing 1 0 is generally well known and is not sub-

stantially different from conventional intravenous filter

devices The preferred device, shown in FIGS. 1-7

should have a void volume of less than about 6 ml, and
preferably has a void volume of less than about 3 ml
Generally speaking, for intravenous applications, small-

er fitters are preferred over larger fitters. A smaller filter

is lighter and more convenient for the patient Further-

more, the low void volume of a smaller filter means there

is a smaller hold-up volume than with a larger filter; that

is. there is less liquid remaining in the filter device at any
given time. Low hold-up volume in intravenous filters is

especially preferred for low administration rates. Low
void volume also helps the filter prime more quickly

The filter housing 10 could also be constructed of

flexible material such as polypropylene, polyethylene or

polyvinyl chloride. However, because visibility is desir-

able, the preferred embodiment is made from a substan-
tially transparent material. A transparent filter provides
visibility such that the fluid to be filtered can be readily

seen by the patient, doctor or medical attendant. Thus,
a gas bubble, foreign object or liquid contaminant block-

4



7 EP0 784 988 A1 8

ing a portion ot the hydrophilic membrane can be readily

detected. Accordingly, a preferred material is an impact-

modified acrylic such as acrylonitrile butadiene styrene

terpolymer or any other plastic material that is durable,

transparent and not unduly brittle. Materials such as £

polypropylene and polyethylene are less transparent

and thus normally less preferred. However, a less trans-

parent but more durable material may be preferred if

high fluid pressures are to be employed.

The housing 10 of the present invention can be io

made by sealing the two housing parts 20 and 30 to-

gether to form a cavity. The housing parts 20, 30 are

sealed by conventional techniques. Any workable meth-

od of sealing the device against leakage is contemplat-

ed, including radio frequency weld sealing, hot melt is

sealing, ultrasonic sealing or solvent sealing. Although

several methods of sealing are within the scope of the

invention, it has been found that ultrasonic weld sealing

is preferred for acrylic materials. In this embodiment,

each housing half 20, 30 has a flange about its rim that 20

fits to the flange of the other housing half. Before the

two halves 20, 30 are sealed together, the hydrophilic

filtration media 40 is heat sealed to the front housing

half 20. The hydrophobic vent material 45 is also sealed

to cover the opening to vent holes 52 before the housing 25

parts are assembled. A heated die is used to seal these

materials to the front housing part 20.

The hydrophilic filtration media 40 and hydrophobic

membrane 45 of the present invention are well known

in tne art. The preferred material for the hydrophobic 30

membrane 45 is a polyester-supported PTFE having

PTFE membrane attached to a polyester fibrous pad by

a polyester adhesive. The preferred membrane 45 is

manufactured by W.L Gore & Associates, Elkton, Mar-

yland having a 0.02 micron pore size. A preferred ma-

terial for the media 40 is polysulfone, but the media 40

can also be made of a PVC acrylic copolymer, polyvial-

madifluorioe cellulose nylon or polyamide The hy-

drophilic media 40 is microporous, and the mean pore

size of the media is from about 0.2 micron to about 1 50

microns The most preferred mean pore size is about

0.22 micron. The media 40 is shaped to fit the housing

10. being large enough for its edges to be sealed to bo

substantially leakproof The media 40 surface area of

the presently preferred embodiment is about 9 square

centimeters The preferred embodiment utilizes the

smallest surlace area possible so that a more econom-

ical unit can be produced at a reduced cost For a unit

having a hydrophilic media 40 surface area of about 9

square centimeters, the unit has a preferred flow rate

range of from less than about 25 ml to about 50 ml per

minute at 1 psig The operating fluid pressure range is

from about 1 psig to about 5 psig.

Altnough the preferred housing 1 0 is flat, the shape

is not critical. Although in this embodiment, the corners

are bevelled, they may also be rounded, depending on

aesthetic preference, desired shape and economics in

molding. Such non-rectangular comers reduce the ten-

dency of gas bubbles to occupy the comers ot the cham-

ber and avoid the hydrophobic membranes 45 of the

vent holes 52.

By having the inlet connector 50 and outlet connec-

tor 60 in a back-to-back relationship, the inlet and outlet

channels 54 and 64 can be close together. Preferably

the connectors 50 and 60 are only a millimeter or so

apart, and may be molded as one monolithic member.

By having the inlet connector 50, outlet connector

60 and tubing clip all attached to the front housing part

20, the back housing part 30 has a fairly simple design

and can be easily molded. The front housing part 20 is

preferably molded with the connectors 50,60 and tubing

clip 28 all in one mold, though other methods of attach-

ing these items could be used.

The preferred embodiment incorporates many fea-

tures, not all of which are necessary for achieving some

of the benefits of the present invention. Also, while a

preferred embodiment of the filter has been shown,

many variations are possible. For example, support ribs

could be provided on the back housing part 30 to support

the filtration media 40 against back pressure when the

filter is to be used on devices that produce a back pres-

sure.

It should be appreciated that the products of the

present invention are capable of being incorporated in

the form of a variety of embodiments, only a tew of which

have been illustrated and described above. The inven-

tion may be embodied in other forms without departing

from its spirit or essential characteristics. The described

embodiments are to be considered in all respects only

as illustrative and not restrictive, and the scope of the

invention is, theretore
:

indicated by the appended

claims rather than by the foregoing description. All

changes which come within the meaning and range of

equivalency of the claims are to be embraced within

their scope.

Claims.

1 . An intravenous filter device comprising:

a) a filter housing having a front side, a back

side, a first end. a second end, an inlet and an

outlet, the housing containing a hydrophilic fil-

tration media and defining a flow path such that

intravenous fluid entering the housing through

the inlet passes through the filtration media be-

fore passing out of the housing through the out-

let;

b) inlet and outlet tubing connectors, both at-

tached to the front side of the filter housing and

forming, respectively, the housing inlet and out-

let, the connectors being raised above the front

side of the housing such that tubing connected

to the connectors does not intersect the front

side of the housing;

40
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c) at least one vent hole providing a passage-

way for gas to escape from the housing, the at

least one vent hole being open to the front side

of the housing, and;

d) a hydrophobic membrane positioned be-

tween the at least one vent hole and the flow

path at a position along the flow path between

the inlet and the hydrophiiic filtration media.

2. The intravenous filter device of claim 1 wherein the

tubing connectors are placed back-to-back with re-

spect to each other.

3. The intravenous filter device of claim 2 wherein the

inlet tubing connector faces the first end of the filter

housing and the outlet tubing connector faces the

second end of the filter housing.

4. The intravenous filter device of claim 1 further com-

prising a tubing clip attached to the filter housing.

5. The intravenous filter device of claim 1 wherein a

plurality of vent holes are provided, each being

open to the front side of the housing.

6. The intravenous filter device of claim 5 wherein at

least two of said vent holes are in direct communi-

cation with a single hydrophobic membrane

7. The intravenous filter device of claim 1 wherein the

at least one vent hole is positioned adjacent one of

the tubing connectors closely enough so that tape

usea to secure the filter device to a support will not

block the vent hole.

8. The intravenous filter device of claim 1 wherein the

front and bacK sides are generally rectangular

9. The intravenous filter device of claim 1 wherein the

housing comprises an inlet chamber aajacent the

back side ot tne housing

10. The intravenous filter device of claim 9 wherein the

inlet chamber comorises a first portion and a sec-

ond portion with the inlet connecting to the inlet

chambc f between the first and second portions

11. The intravenous filter deviceof claim 10 wherein the

first portion o* the inlet chamber is adjacent to the

hydrophobic membrane and the second portion of

the inlet cnamber is adjacent to the hydrophiiic fil-

tration media

12. The intravenous filter device of claim 1 wherein the

tubing connectors are in line with one another

1 3. The intravenous filter device of claim 4 wherein the

inlet pon is located adjacent the first end of the filter

and the tubing clip is located at the second end of

the filter.

14. The intravenous filter device of claim 12 wherein the

5 housing is symmetrical about a plane that intersects

the inlet and outlet tubing connectors

15. The intravenous filter device of claim 1 wherein the

back side of the filter housing is generally flat.

10

16. The intravenous fitter device of claim 1 wherein the

tubing connectors are spaced inwardly of the first

and second ends of the housing.

is 17. The intravenous filter device of claim 1 wherein the

device has only one hydrophobic membrane.

18. An intravenous filter device comprising:

20 a) a filter housing having a front side, a back

side, a first end, a second end, an inlet and an

outlet, the housing containing a hydrophiiic fil-

tration media and defining a flow path such that

intravenous fluid entering the housing through

25 the inlet passes through the filtration media be-

fore passing out of the housing through the out-

let;

b) inlet and outlet tubing connectors both at-

tached to the front side of the filter housing and

30 forming, respectively, the inlet and outlet;

c) a plurality of vent holes adjacent the first end

of the filter housing providing passageways for

gas to escape from the housing;

d) a hydrophobic membrane positioned be-

35 tween the vent holes and the flow path; and

e) a tubing clip attached to the housing, the po-

sitions of the tubing connectors and the tubing

clip being such that when the inlet of the device

is attached to tubing suspended from an intra-

40 venous fluid source and the outlet is connected

to tubing suspended from the filter device, and

the tubing clip is attached to said tubing, the

vent holes are positioned such that gas bubbles

entering the filter housing through the inlet will

45 rise within the housing and contact the hydro-

phobic membrane and pass out one or more of

the vent holes.

19. The intravenous filter device of claim 1 8 wherein the

so inlet tubing connector is located adjacent the first

end of the housing and the clip is located adjacent

the second end of the housing.

20. The intravenous filter device of claim 1 8 wherein the

55 filter housing is made of joined thermoplastic hous-

ing parts and the tubing clip and tubing connectors

are molded as part of the housing part to which they

are attached

25
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21. The intravenous filter device of claim 20 wherein

both tubing connectors and tubing clip are molded

on the same housing part.

22. The intravenous filter device of claim 1 8 wherein the 5

tubing connectors are in line with one another and

with the tubing clip.

23. The intravenous filter device of claim 1 8 wherein the

flow path downstream of the hydrophilic filtration w
media includes flow channels created by a plurality

of ridges running in a direction from the second end

of said housing toward said outlet.

24. The intravenous filter device of claim 23 wherein at is

least some of said ridges terminate short of said

second end of said housing.

25. The intravenous filter device of claim 24 wherein at

least one of said ridges connects to the second end 20

of said housing.

25
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